Development of an automated environment for characterization and durability test of integrated antennas for automobiles by Soto Lamata, Irati
  
 
 
DEVELOPMENT OF AN AUTOMATED ENVIRONMENT  
FOR CHARACTERIZATION AND DURABILITY TEST  
OF INTEGRATED ANTENNAS FOR AUTOMOBILES 
 
A Master's Thesis 
Submitted to the Faculty of the 
Escola Tècnica d'Enginyeria de Telecomunicació de Barcelona 
Universitat Politècnica de Catalunya 
by 
Irati Soto Lamata 
 
 
In partial fulfilment  
of the requirements for the degree of 
MASTER IN ELECTRONICS ENGINEERING 
 
 
Advisor: Xavier Aragonés Cervera 
 
Barcelona, July 2017 
 
 
 
  
  
1 
 
 
  
  
2 
 
Title of the thesis:   
DEVELOPMENT OF AN AUTOMATED ENVIRONMENT FOR CHARACTERIZATION AND 
DURABILITY TEST OF INTEGRATED ANTENNAS FOR AUTOMOBILES 
 
Author:   
IRATI SOTO LAMATA 
 
Co-Advisors:   
ADRIA CONDE GIMENEZ 
XAVIER ARAGONES CERVERA 
 
ABSTRACT 
During the last years, the automobile is transforming into a fully-communicated system, 
supporting all kind of communication types and standards (digital and analog radio, 
telephone, GPS and/or other positioning standards, TV, Wi-Fi, Bluetooth, other dedicated 
protocols such as remote keyless). Different antennas are needed for each of those 
standards, which must be validated to fulfil specifications before being integrated in different 
parts of the vehicle. 
The objective of this Master thesis is to develop an automated, user-friendly environment for 
characterization and validation of different types of dual antennas developed by Ficosa 
Group. Characterization will be done through S-parameter measurements, thus the 
environment will support the calibration of the network analyzer, measurements, and 
validation by comparing against established patterns. The environment will also support 
durability tests by controlling a climatic chamber.   
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1. INTRODUCTION 
1.1. CONTEXT  
The environment for characterization and durability test of integrated automobile antennas 
is a project developed by Ficosa Group, by joining the Advance Communication Systems 
business unit and the Testing Laboratory. These entities are presented hereunder.  
1.1.1. FICOSA GROUP 
Ficosa Group (hereafter Ficosa) is a multinational corporation devoted to the research, 
development, production and commercialisation of systems and parts for the automobile, as 
well as for both commercial and industrial vehicles.  
Founded in 1949, the company has its headquarters in Viladecavalls (Barcelona, Spain), 
and presence with production centres, engineering centres and commercial offices in 16 
countries in Europe, North America, South America and Asia. With a team of more than 
10,000 employees, Ficosa is an official supplier and technological partner of a vast majority 
of the vehicle producing companies from all over the world.  
Ficosa obtained in 2010 the acquisition of Sony’s manufacturing and engineering assets in 
Viladecavalls, and has a capital and business alliance with Panasonic since 2015, who has 
nowadays the 69% of the stakes in Ficosa. 
 
Figure 1: Ficosa business units 
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1.1.2. ADVANCED COMMUNICATIONS 
Ficosa’s Advanced Communications business unit is a leading developer of Integrated 
Antennas in the automotive business. It develops, produces and commercializes antenna 
systems for vehicles, communication modules and antennas for navigation systems.  
The main areas of expertise are antennas systems and telematics/connectivity modules 
which provide services such as 3G/4G, navigation, emergency calls, car sharing, 
broadcasting, and fleet management, to the vehicle.  
 
Figure 2: Ficosa Antenna locations within vehicles 
As the only company authorised to use Fractal Antennas in automotive applications, leads 
the way in the design and development of innovative antenna systems based on fractal 
technology for the vehicle. This innovative and approved technology enables antennas for a 
variety of services to be integrated into one single module, the rear-view mirror. Frequencies 
such as AM, FM, DAB, TV, RKE, Wi-Fi, Telephony, and GNSS are examples of production 
programs with antennas integrated into exterior mirrors. 
 
Figure 3: Integrated antennas capabilities in rear view mirrors 
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1.1.3. TESTING LABORATORY 
Ficosa has its own testing laboratory for validating the designed products before they go to 
production and commercialization.  
The laboratory owns a wide range of equipment for characterization and durability tests of 
most Ficosa products, including several chambers for environmental testing such as climatic 
chambers, salt spry chambers, rain chambers and dust cabinets. It also holds advance 
equipment for chemical and materials tests, as well as noise, vibration and harshness (NVH) 
specialized rooms: acoustic isolation rooms, audio and sound evaluation rooms, etc. 
For data acquisition, the laboratory uses self-produced software based on LabVIEW. This is a 
generic, very flexible software that allows creating specific applications for measurement to 
fulfil the needs of each product. The system acquires samples at a rate of 500Hz, and offers a 
good post-processing analysis of the acquisitions because of the flexibility on the output data 
files. 
 
Figure 4: Laboratory Equipment 
 
Figure 5: Laboratory facilities and areas 
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1.2. THE PROJECT 
1.2.1. TESTED ANTENNAS 
The antenna under test (AUT) in this environment is a multifunctional antenna system 
focused on two antenna types: 
1. GNSS (Global Navigation Satellite System) antennas, focused on positioning and 
location services via multi-satellite communications, it encloses services such as the 
American GPS (Global Position System) or Russian GLONASS (Global Navigation 
Satellite System). The antenna is located in the spectral range of communications 
around 1575MHz to 1605MHz. 
2. Fourth generation mobile telecommunications technology (4G) antennas, 
which encompasses previous standards such as GSM (Global System for Mobile) for 
2G, UMTS (Universal Mobile Telecommunication System) for 3G and its latest 
addition,  LTE (Long term Evolution) for 4G. Each generation is placed in intermittent 
bandwidths between 698MHz and 2700MHz. 
Both antennas are inside a small body or casing. Both antennas have different characteristics 
in terms of mode of operation, and are therefore to be handled differently. 
 
 
Figure 6: GNSS ad cell phone double antenna case 
 
On the one hand, the GNSS antenna is defined as an active and receiving antenna. Due to the 
specific nature of its operation, it is necessary to apply a voltage at the terminals of its 
conductors. Checking the device’s consumption is also critical, to ensure the safety of the 
receptor, to which the antenna is connected. Being a receiver antenna, there is thus no 
danger of signal emissions that could endanger the telephone system. 
On the other hand, the telephone antenna is defined as passive and bidirectional. Unlike the 
GNSS antenna, it can operate without being fed, and thus no applied voltage nor 
consumption check is required. As it is a bidirectional antenna that can be used as a 
transmitter, it must be taken into account (and studied) the possibility of this antenna 
affecting the neighbouring GNSS system. 
 
 
  
15 
 
1.2.2. CONTROL PARAMETERS OF THE ANTENNAS 
During the execution of the tests, it is necessary to control different parameters to assess the 
robustness of the system design, both before and after testing. The following parameters are 
monitored for each of the antennas, as well as the combination of them, since one antenna 
has an influence over the other, given their interoperability behavior1 (GNSS and telephony 
antenna may be operating at the same time). 
 
Parameters to control in the GNSS antenna: 
 S22 (GNSS antenna reflection coefficient) measured in decibels [dB]: It indicates how 
much of the injected energy is getting reflected by the antenna. That is, the energy 
fraction lost by returning to the emitter. The optimal value of this coefficient would 
be 0% over the entire GNSS bandwidth which would mean that all the transmitted 
energy is received by the antenna. Thus, the parameter should be monitored at least 
in their respective frequency ranges, to verify that it remains as low as possible, 
always below the maximum allowed limits.  
 Voltage [V]: As GNSS is an active antenna, it has an amplifying stage (see 2.3 Active Vs 
Passive Antennas), which requires DC voltage.  
 Current of consumption [mA]: Consumption is checked to see if the amplifying circuit 
is working properly. 
Parameters to be controlled in the telephony antenna: 
 S11 (telephony antenna reflection coefficient) measured in decibels [dB]: As the S22 
parameter, it indicates how much of the injected energy is getting reflected by the 
antenna. That is, the energy fraction lost by returning to the emitter. The optimal 
value of this coefficient would be 0% over the entire antenna bandwidth, which 
would mean that all the transmitted energy is received by the antenna. Thus, the 
parameter should be monitored at least in their respective frequency ranges, to 
verify that it remains as low as possible, always below the maximum allowed limits. 
Parameters to control due to interoperability of the antennas: 
 S21 (telephony to GNSS antenna transmission coefficient) measured in decibels [dB]: 
Indicates that amount of power transmitted from the telephony antenna to the GNSS 
antenna, when the first one operates in transmission mode. It is a highly important 
parameter, as it provides information about the gain of the GNSS system, although 
propagation losses get in the way. It is evaluated at least in the operating ranges of 
both antennas, although optimally it would be controlled throughout the entire 
bandwidth of the telephony antenna. 
All this set of parameters must be traced before and after each test and their performance 
should remain as invariant as possible to ensure a good level of robustness of the 
multifunctional antenna system. 
 
                                                             
1 Interoperability is the capability of multiple autonomous systems to use each other’s 
services effectively. It is about the meaningful sharing of functionality and information that 
leads to the achievement of a common goal.  Efficiency and speed of the communications 
network is of the essence in this scenario. [10] 
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1.2.3. PREVIOUS TEST AND VALIDATION SYSTEM 
The former test and validation of automobile antennas was performed in different steps that 
were independent, non-automated and very time-consuming.  
Initially, characterization of the antennas was performed. For this purpose, a power supply 
(PS) was connected to the vector network analyzer (VNA), and it delivered the frequency and 
voltage to feed the antennas. VNA would perform the measurements, and later on those 
measurements would be downloaded to a PC on a fixed format. The VNA and PS had to be 
configured manually and independently for each test; as the setup could not be saved in the 
instruments, it had to be configured again each time.  
For temperature durabilities, climatic chambers (CC) are used. These CCs have a built-in 
display for setting the temperature and humidity conditions. Additionally, the department 
had developed individual applications for the control of different CCs and to set the cycle 
conditions for the durability tests. Each CC has its own independent application, which is 
different from one another. These CCs are also to be configured manually and independently 
from the VNA and PS for each test, and the configurations are once again non-retainable. 
After the test stage was finished, a validating software application would perform the 
validation analysis of the taken measurements. Graphs were generated and an error report 
was issued for antennas that failed the validation.  
1.3. STATEMENT OF PURPOSE FOR THE NEW ENVIRONMENT 
The new environment is required to provide a fast, automated, all-in-one tool for antenna 
test and validation. Three main blocks are differentiated: SETUP, TEST and REPORT.  
SETUP is the initial stage where all the test configurations are set; it is made once at the 
beginning of the validation plan (VP) and stored in the PC to be recoverable later on through 
the entire VP.  
TEST stage will perform the characterization of the antennas, as well as the voltage or 
temperature durability tests. This stage will be as automated as possible: the application will 
control the instruments and monitor the cycle parameters of the tests. Therefore, all 
instruments involved in the testing need to be remotely controllable. Furthermore, 
versatility is required for controlling as many different instruments as possible. The 
measured data will be stored in the PC on an understandable format for later analysis. 
REPORT stage will be the last step of the VP, where all the data from the TEST stage will be 
validated and different graph and reports will be generated on a standardized format.  
Additionally, a traceability system will be developed for following-up the antennas, and so 
different people involved in the VP can see the status of the samples and the progress of the 
VP.  
The new environment will benefit from the algorithms of the already developed validation 
application, as well as the commands of the different CC control applications, and integrating 
them in one tool.  
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1.4. WORK PLAN  
The project is developed from 13/03/2017 to 09/06/2017, consisting on 58 days (464 
hours). The period from 13 to 21 of April is Easter holidays (in pink in the Gantt chart).  
The development of the project is divided in 13 weeks: 
 Week 1: KICK OFF. Beginning of the project. Specification and requirements are 
defined and the projects overall structure is established in this stage. 
 Week 2: CALIBRATION. First VNA communications for automatizing the 
calibrations. Calibration recipe manager is also implemented to save the calibrations 
in the VNA, load previous calibrations and delete old ones. 
 Weeks 3 and 4: CHARACTERIZATION. PS remote control drivers are designed. The 
VNA’s setup parameters are defined and characterization is automatized. A recipe 
manager is implemented to save all the setup parameters in the PC and load them for 
the testing stage. 
 Weeks 5 to 8 (including Easter Holidays): DURABILITY. CC remote control drivers 
are designed. The durability test setup parameters are set and the test is automatized 
using VNA, PS and CC remote control. Some extra days are used to test and validate 
the durability automation using the three instruments. 
 Weeks 9 and 10: VALIDATION. Validation setup parameters are defined. After that, 
validation is automatized and report and graphs are generated.  
 Week 11: SAMPLES CONTROL & POST TEST. The DB samples control is 
implemented for traceability of the tests, and the post test data analysis feature is 
implemented. 
 Weeks 12 and 13: FINAL TEST & VALIDATION. Final stage for general testing and 
validation of the program.  
 
 
Figure 7: Gantt Chart 
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1.5. DOCUMENT STRUCTURE 
Chapter 1: Introduction 
The environment for characterization and validation of integrated automobile antennas is 
presented in this chapter. Ficosa Group is introduced, together with the advanced 
communication systems business unit and the testing laboratory (1.1.). To introduce the 
environment, firstly the previous testing system is presented. (1.2). Upon consideration, the 
new environment’s statement of purpose is proposed, along with the project’s work plan. 
(1.3.). The document structure description can be found at the end of this chapter. (1.4.). 
Chapter 2: State of the Art 
The state of the art of antenna testing is introduced. Primarily, an introduction of antennas 
(2.1.) and a list of their most representative characteristics (2.2.) is given. Then, active and 
passive antennas are compared (2.3.), followed by an introduction to antennas in vehicles 
(2.4.). To finish this chapter, the two antenna types that are to be tested are shown (2.5.) 
Chapter 3: Specifications and Requirements 
The purpose of this chapter is to clearly state the requirements for the new environment and 
specify the different processes that define the life cycle of the system (3.1.). Additionally, a 
definition of the system architecture is provided (3.2.), followed by a description of the test 
bench hardware components (3.3.). Finally, the software installation requirements are 
defined (3.4). 
Chapter 4: Software Architecture and Description 
In this chapter, the software architecture of the testing and validation environment is 
described. Firstly, the communications between the different instruments are discussed. The 
operations that need to be performed for each instrument are defined and the commands of 
such operations are stated (4.1.). Secondly, the different ways of programming such 
challenging environments are exhibited, and their differences are debated to find the best 
solution for each section of the system (4.2.). Finally, and account taken of all the above, the 
four main automatic test steps are described in depth (4.3.). 
Chapter 5: Step by Step Guide 
To make all the above more comprehensible to the reader, this step by step guide exhibits 
the final user experience of system. The purpose of this chapter is to clarify the previously 
stated sections and explain the software interface in a user-friendly way. Starting with the 
general software interface (5.1.), the steps followed by the end-user through the entire test 
and validation plan are detailed (5.2. to 5.4.). To sum up, the different folders generated in 
the PC for storing different data from all the testing parts are presented (5.5.). 
Chapter 6: Conclusions and Outlook 
Towards completing the study of the new testing and validation environment, a thorough 
analysis of the old and new systems is to be performed. Firstly a comparison of both will be 
conducted (6.1.), after which consideration the results are outlined (6.2.). Lastly, a list of 
improvements is suggested for future enhancements (6.3.). 
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2. STATE OF THE ART OF THE TECHNOLOGY OF ANTENNA TESTING 
2.1. ANTENNAS INTRODUCTION 
An antenna is a specialized transducer that converts radio-frequency (RF) fields into 
alternating current (AC) or vice-versa. There are two basic types: the receiving antenna, 
which intercepts RF energy and delivers AC to electronic equipment, and the transmitting 
antenna, which is fed with AC from electronic equipment and generates an RF field.  
The selection of a suitable antenna takes into consideration such characteristics as the 
radiation efficiency across the working frequencies; the span of frequencies in which the 
antenna exhibits an acceptable standing wave ration (SWR), which is a measure of the 
antenna impedance match; antenna directivity; the shape of its radiation pattern; and many 
others. [9] 
2.2. ANTENNAS CHARACTERISTICS 
2.2.1. INPUT IMPEDANCE AND VSWR 
Input impedance is defined as the impedance presented by the antenna at its terminals or 
the ratio of the voltage to current at its terminals. The real part of the antenna impedance 
represents power that is either radiated away or absorbed within the antenna, while the 
imaginary part of the impedance represents power that is stored in the near field of the 
antenna, thus, non-radiated power. An antenna with a real input impedance (zero imaginary 
part) is said to be resonant. 
If the antenna is not matched to the interconnecting transmission line, a standing wave is 
induced along the transmission line. The ratio of the maximum voltage to the minimum 
voltage along the line is called the Voltage Standing Wave Ratio (VSWR).  
2.2.2. DIRECTIVITY AND GAIN 
The directivity is a measure that describes the directional transmitting properties of the 
antenna. It is defined as the ratio of the antenna radiation intensity in a specific direction in 
space over the radiation intensity of an isotropic source for the same radiated power. That is, 
the factor of how much energy fed to the antenna is bundled in a certain direction.  
The gain of the antenna is closely related to the directivity, but takes into consideration the 
losses in the antenna as well as its directional capabilities. In other words, the gain of an 
antenna is the ratio of the power at the output of an amplifier to the power at the input 
expressed in decibels [dB]. 
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2.2.3. EFFICIENCY  
The antenna efficiency,   , is the ratio of directivity to gain; that is, the ratio of the power 
delivered to the antenna relative to the power radiated from the antenna.  
   
         
      
⁄  
It takes into consideration all the power lost before radiation. The losses may be due to 
mismatch at the input terminals, conduction losses, dielectric losses and spill over losses. A 
high efficiency antenna has most of the power present at the antenna’s input radiated away. 
A low efficiency antenna has most of the power absorbed as losses within the antenna, or 
reflected away due to impedance mismatch. 
2.2.4. ANTENNA NOISE TEMPERATURE  
The antenna noise temperature is a measure that describes the noise power received by the 
antenna at a given frequency due to thermal effects. The noise power     received at the 
antenna terminals at a temperature    can be expressed in terms of the Bandwidth (B) in 
which the antenna is operating:  
         
Where   is the Boltzmann constant,                 ⁄   , and   is the bandwidth of the 
system receiver. 
Some other figures that are also used to characterize the antenna noise due to temperature 
are the gain - temperature ratio,   ⁄  [
  
 ⁄ ], or the Noise Figure or Noise Factor  , which is 
the ratio of the input signal to noise ratio       to the output       :  
   
     
      
 
2.2.5. MISMATCH LOSSES 
In an antenna the following types of losses can be found: 
 Conduction losses (due to finite conductivity of the metal that forms the antenna). 
 Dielectric losses (due to conductivity of a dielectric material near an antenna). 
 Impedance mismatch loss. 
Mismatch loss (ML) represents the amount of power wasted in the system. It is the ratio of 
incident power to the difference between incident and reflected power; that is, the amount of 
power expressed in dB that will not be available on the output due to impedance mismatches 
and signal reflections. On the following circuit, the lost (reflected) power will be the 
difference between Pi and the power delivered, Pd. 
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Figure 8: Simple circuit of transmission lines 
A transmission line that is terminated with the same impedance as that of the characteristic 
impedance of the transmission line will have no reflections and therefore no mismatch loss. 
2.3. ACTIVE VS PASSIVE ANTENNAS 
Antennas can be active or passive. 
Passive antennas are antennas that have no amplification stages. Passive matching network 
is often used in order to match electrical connection with 50 Ohm impedance line. They do 
not require power supply.  
 
An active antenna is a passive antenna equipped with an integrated low noise amplifier for 
indoor use. Active antennas need to be fed, and they usually consume 3 to 20 mA. [1] 
 
 
Figure 9: Passive Vs. Active Antenna 
Active antennas can be used for both receiving and transmitting applications, but they are 
most often seen as receiving antennas. When used to receive signal, the integrated amplifier 
boosts the RF picked up by the antenna and allows much longer remote cable runs (as seen 
in Figure 2). When used as a transmitting antenna, active antennas increase the RF power 
above and beyond whatever output power the transmitting device is using. 
 
Active antennas are better at compensating for cable loss in receiving applications. All RF 
signal loses strength (attenuates) as it passes through coaxial cable. The longer the cable run, 
the larger the loss. The amplifiers on active antennas are designed to compensate for this 
loss by boosting the signal right behind the antenna before sending it down the line, so the 
gain at the receiver is closer to unity gain.   
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Table 1: Comparison between Active and Passive Antennas 
2.4. ANTENNAS IN VEHICLES 
The number of available communication services is constantly growing. As the users 
appreciate the usage of these services, not only the manufacturers of portable devices but 
also the vehicle producers want to have these services integrated in the cars. This requires a 
certain number of antennas to support these services. On the other hand, they put the 
requirement that the antennas should not influence the design and aesthetics of the vehicle; 
they should be as compact as possible and in the best case not visible at all, at the same time 
that the solution offers modularity across different car platforms. [2] 
 
USA Satellite Digital Audio Radio System (SDARS), as well as Global Positioning System 
(GPS), Digital Video Broadcasting Terrestrial (DVB-T), Global System for Mobile 
communications (GSM), Digital Audio Broadcasting (DAB) and Universal Mobile 
Telecommunications System (UMTS) are some of the technologies available for 
implementation in vehicle, and their proper functioning relies on good antenna reception 
(Brzeska, Quintero y Martinez). 
 
 Active Antenna Passive Antenna 
Advantages 
It is more tolerant to minor impedance 
mismatch or cable length than passive 
antenna. 
It helps keeping the receiver noise figure 
low. 
It is less affected by interferences from the 
antenna cable than a passive antenna. 
It does not add anything to the 
power budget 
Disadvantages 
It needs power (about 10 to 60 mW) 
compare to passive antenna 
Cable losses and interferences can 
affect the performance. 
RF design experience is required 
to properly design a passive 
antenna. 
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Figure 10: Service integration capability within vehicle 
2.5. ANTENNA TYPES 
2.5.1. GNSS ANTENNA 
The first Global Positioning System (GPS) systems were developed in the 20th century, 
mainly to help military personnel find their way, but civilian applications soon became 
numerous (Mohinder S. Grewal). While there are many global navigation satellite system 
(GNSS) receiver and antenna systems used today, they vary significantly in size, cost, 
capabilities and complexity. With new signals and frequencies coming on line with 
modernized GNSSs, antennas play a more crucial role than ever in receiver system design. 
[3][5][6] 
GNSS services have gained substantial attention in recent years, when the well-known 
United States GPS satellite constellation has been joined by two newer global satellite 
networks: Russia’s GLONASS (Globalnaya navigatsionnaya sputnikovaya sistema or Global 
Navigation Satellite System) and the European Union’s developing system, Galileo. 
Altogether, these systems will provide worldwide location services for mobile platforms; air, 
sea, and ground vehicles; individuals; and mobile assets. [7] 
To pinpoint any one location on the Earth’s surface, a GPS system uses as many as ten 
satellites traveling in different orbital trajectories. An appropriate antenna constitutes a 
crucial component in achieving precise positioning with minimal acquisition time. 
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Figure 11: GNSS Antenna possitioning system 
The antenna’s range should cover most part of the visible sky in order to receive signals from 
as many satellites as possible; this necessitates a broad radiation beam. Furthermore, 
antenna gain should be sufficiently low to provide an acceptable signal-to-noise ratio.  
There are various carrier frequencies and bandwidths for various GNSS antennas from 1.1 to 
1.7 GHz, as seen in Figure 12. The antenna's operational frequencies must correspond to the 
frequency allocations of the satellite systems in use (GPS: 1559-1610 MHz and 1215-1240 
MHz, GLONASS: 1593-1611 MHz and 1243-1249 MHz and 1193-1209 MHz, Galileo: 1559-
1592 MHz and 1215-1300 MHz and 1164-1215 MHz). [4] 
 
 
Figure 12: Illustration of various GNSS frequency and bandwidth. 
For GNSS antennas that are integrated with other radio frequency (RF) components, 
including active amplifiers, are typically supplied with a DC voltage from the GNSS receiver 
up the RF transmission line. Coupling between the DC and RF GNSS signals is handled on 
either end with a ‘bias-T’ that separates the DC and RF signals. Typically, the voltages vary 
from 3V to 18V. 
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2.5.2. COMPACT BROADBAND TELEPHONY ANTENNA 
Nowadays, mobile communications play a central role in the voice/data network field. From 
the 80s until now, the mobile communications have changed passing through several 
protocols and enhancements so as to allow users to receive and make calls, use internet, GPS, 
sensors, and even more services .The Compact Broadband Telephony Antenna covers all the 
telephony services for 2G/3G/4G as a worldwide telephony antenna. The design assures 
good performance for each service, including LTE services (4G) with excellent matching and 
gain in a reduced size. [8][12] 
Mobile phones were first introduced in the early 1980s, where mobile telephony was limited 
to phones installed in cars and other vehicles. The first generation (1G) phones used 
analogue communication techniques: they were bulky and expensive, and were regarded as 
luxury items. The main characteristics of this generation were unencrypted and easily 
vulnerable, susceptible to cell phone "cloning".  
Mobile phones only became widely used from the mid-1990s, with the introduction of 
second generation (2G) technologies such as the Global System for Mobile Communications 
(GSM). These use more powerful digital communication techniques, which have allowed 
their cost to plummet, and have also allowed them to provide a wider range of services than 
before -email and basic access to the Internet.  
Third generation (3G) phones still use digital communications and allow to support much 
higher data rates than before, and hence to provide more demanding services such as video 
calls and high speed Internet access.  
As new standards and new frequency bands were introduced and created for better 
performance of mobile communication systems, wider broadband antennas were needed to 
be created in order to satisfy the requirements established by the technologies, where the 
space inside the gadgets remained small and even got smaller. Nowadays, with the entrance 
of fourth generation (4G) thanks to Long-Term Evolution (LTE) antennas, phones have 
improved the performance and coverage allowing transferring more data and services, like 
3G technologies, even at higher speeds. [11] 
 
Figure 13: Frequencies for 4G services 
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Table 2: Chart of summary of all generation’s features 
  
Generation Dates New Features 
1G 70’s to 80’s Wireless phones (cellular) are introduced, primarily for voice only. 
2G 90’s to 2000 
Increased performance achieved by allowing multiple users on a 
single channel. More and more cellular phones are used for data as 
well as voice. 
2.5G 2001-2004 
The Internet turns the focus towards data transmission. Enhanced 
multimedia and streaming video are now possible. Phones support 
limited web browsing. 
3G 2004-2005 
Enhanced multimedia and streaming video capabilities are 
increased. Standards are created to allow universal access and 
portability across different device types. 
4G 2006+ 
Speeds reach up to 40 Mbps. Enhanced multimedia, streaming video, 
access and portability are increased still further. Devices are 
equipped for world-wide roaming. 
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3. SPECIFICATIONS AND REQUIREMENTS 
The purpose of this chapter is to clearly state the requirements for the new environment and 
specify the different processes that define the life cycle of the system. Furthermore, a 
definition of the system architecture is provided, followed by a description of the test bench 
hardware components. Finally, the software installation requirements are defined. 
3.1. PROCESS DIAGRAM 
The system has the following parts: 1. Setup, 2. Test and 3. Report. 
1. Setup: The setup is only done once at the kick-off of the validation plan (VP). The 
Samples are registered in the Database to keep traceability of all the antennas along 
the entire VP. The Setup allows configuring the Vector Network Analyzer (VNA), 
different Climatic Chambers (CC) and a Power Supply (PS). The parameters for 
configuring the characterizations, the climatic and voltage durabilities, as well as the 
antenna validation criteria are established in this stage and stored in the PC. Finally, 
a calibration is performed for the current test setup.  
2. Test: The antenna sample to be tested is selected from the list stored in the database. 
The first uncharacterized antenna sample is selected automatically by default.  For 
testing, the setup is automatically recovered. After performing the test (durability or 
characterization), the antenna can be automatically validated to see is status. Finally, 
the antenna sample is automatically updated in the database to keep traceability, and 
next sample in the DB is prepared for the next test. 
3. Report: After finishing testing, graph and performance reports are to be generated. 
In this stage, multiple antennas can be validated against a common pattern or one 
antenna can be compared with itself under different conditions. Then, graph and 
performance reports are automatically generated and ready for the antenna report. 
See below the process diagram of the system, where the different parts are shown in 
different colours: 
  
28 
 
 
Figure 14: Process Diagram 
3.2. SYSTEM ARCHITECTURE 
System architecture will consist on: 
- A Network Analyzer with two ports to obtain the S parameters of the tested 
antennas: S11, S12, S21 y S22, on an adequate frequency range for each antenna type.  
- A Climatic Chamber to simulate different climatic conditions on the tested samples. 
- A Power Supply to feed the measured antennas, which will be controlled remotely. 
- A Coaxial Bias-Tee, frequency and voltage mixer to connect the antennas. 
- A PC running an application specifically developed for this environment and 
implemented in LabVIEW. The application must remotely control the network 
analyzer, the climatic chamber and the power supply, being able to access their 
configuration parameters, monitor the data, etc.  
All instruments involved in the testing need to be remotely controllable. They will be 
configured, controlled and monitored by the application. This includes automatic 
switching on/off, real-time monitoring of the instrument status and the acquired 
measurement data storage in the PC on an understandable and modifiable text format.  
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Figure 15: System Architecture 
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To Upload the Results 
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3.3. TEST BENCH HARDWARE DEFINITION 
3.3.1. BENCH COMPONENTS 
The test bench has the following components: 
 A PC running the application. 
 Vector Network Analyzer (VNA) to perform antennas measurements, connected to 
the PC by Ethernet (LAN) connection. 
 Programmable Power Supply (PS) to feed the antenna, connected to the PC by USB. 
 Antenna to be measured. 
 Additionally, Climatic Chamber (CC) for temperature durability tests, connected to 
the PC via series-RS232 connection. 
 
 
Figure 16: Antennas Test Bench 
VNA 
PC 
PS 
Antenna 
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3.3.2.  VECTOR NETWORK ANALYZER (VNA) 
For this test bench, R&S®ZND is used, which has a frequency range from 100 KHz to 4.5 GHz. 
It is connected to the PC by using LAN connection. However, multiple connection options 
(such as GPIB) are available by purchasing additional modules. 
 
Figure 17: VNA - front 
 
Figure 18: VNA – rear 
PORT 1 
PORT 2 
Ethernet (LAN) connector 
VNA display in 
remote control 
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3.3.3.  POWER SUPPLY (PS) 
A programmable power supply is required. For this test bench, ISO-TECH IPS X303 DC PS is 
used. It is connected to the PC via USB connection. 
 
Figure 19: Power Supply – front 
 
Figure 20: Power Supply – rear 
3.3.4. CLIMATIC CHAMBER (CC) 
In order to provide flexibility for the management of hardware resources, the program is 
able to control two types of climate chambers available at the company: 
 DYCOMETAL’s CCK-40/1000 chamber allows temperatures from -40 ºC to 150 ºC, 
and relative humidity (RH) from 15% to 95%. 
USB connector 
V+ 
V- 
Output 
Voltage Indicator 
Consumption Indicator Lock 
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 ACS’s CHALLENGE 250C chamber allows temperatures from -75 ºC to 180 ºC, and 
relative humidity (RH) from 10% to 98%. 
The CC’s are remotely controlled by the application. For that purpose, they are connected 
to the PC by serial – RS 232 connection. 
                     
 
Figure 21: DYCOMETAL and ACS climatic chambers, respectively – front view 
 
  
 
Figure 22: CC’s conectors and Manual Control panel, respectively 
  
ON/OFF connector 
Serial connector 
Temperature Indicator 
RH Indicator 
Main Switch 
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3.4. SOFTWARE INSTALLATION REQUIREMENTS 
3.4.1. APPLICATION ACCESS 
In order to run the application on a computer that does not have LabVIEW installed, the 
following driver has to be installed: LabVIEW Run-Time Engine, v. 2016. It can be 
downloaded from National Instruments homepage. 
3.4.2. INSTRUMENTS REMOTE ACCESS 
To connect to the data acquisition instruments on a computer that does not have LabVIEW 
installed, the following driver has to be installed: NI-VISA Run-Time Engine 14.0. It can be 
downloaded from National Instruments homepage.  
3.4.3. DATABASE ACCESS 
In order to establish the connection with the database and keep traceability of the samples 
through the VP, the database configuration file is needed: connectDB.udl. This connection 
requires internet connection. 
 
 
Figure 23: Database connection file location 
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4. SOFTWARE ARCHITECTURE AND DESCRIPTION 
In this chapter, the software architecture of the testing and validation environment is 
described. Firstly, instruments communications are discussed: the operations that need to be 
performed for each instrument commands of such operations are defined. Secondly, the 
different ways of programming such challenging environments are exhibited, and their 
differences are debated to find the best solution for each section of the system. Finally, and 
account taken of all the above, the four main automatic test steps are described in depth. 
4.1. COMMUNICATIONS AND DRIVERS 
The instrument drivers carry out the communication and control of the instruments in the 
system. Most instruments export a specific set of commands to which they will respond. 
These commands are primitive functions of the device and require several commands to 
group them together so that the device can perform common tasks. Drivers are groups of 
commands that allow easily controlling all the functionality of an instrument.  
In this system, the following instruments are connected to the PC: a Database (DB) for 
keeping traceability of the samples and their status; a Vector Network Analyzer (VNA) for 
the characterization of the antennas; a Power Supply (PS) to feed the antennas when needed 
and obtain the consumption; and a Climatic Chamber (CC) for the temperature – humidity 
durabilities. 
For such communications, the following communications protocols are used: 
Table 3: Connections table 
Instrument to connect to PC Language / Protocol 
DB SQL Language 
VNA  Ethernet 
PS USB 
CC Serial RS-232 
4.1.1.  DATABASE (DB) COMMUNICATIONS 
To maintain traceability of the samples, they are registered at the beginning of the testing 
plan and their status (characterized or pending characterization) is updated on a database. 
The communications are made using SQL language. 
The following chart explains the flow of the database operations. Firstly the access to the 
database has to be established. Once connection is granted, two operations can be 
performed: Read from DB (which loads the database information into the PC) and Write to 
DB (which loads the PC’s information into the DB). In the ‘write to DB’ operation, first the DB 
list table has to be deleted, and the new list can be loaded with a write command. 
  
36 
 
                   
 
4.1.1.1. ESTABLISHING DB CONNECTION 
First, connection needs to be established with the Database. The information of the Database 
connection is obtained through a Microsoft Data Link (.udl) file.  
 
Figure 25: connectionDB.udl file 
The database we want to access is ‘testing_db’ and the table is called ‘Antennas_Samples’. In 
this table, the sample label is written along with the characterization status -  a Boolean 
value stating if the sample has already been characterized or not. See below an example of 
this table: 
Table 4: Antennas_Samples table 
Characterized? Sample 
Yes A 
No B 
No C 
Stablish DB 
Connection 
Read 
from DB 
Write to 
DB 
Delete All 
Write All 
Read All 
Figure 24: DB operations 
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4.1.1.2. DB COMMAND REFERENCE 
The following table shows the commands used to communicate with the database: 
Table 5: Database communications 
 
In the ‘Read All’ command, the information of the database is selected and loaded to the 
program: 
SELECT* FROM Antennas_Samples 
If the samples table is modified in the program (samples loaded, characterization status 
changed, a sample deleted…) the following actions are made to update the database: 
In the ‘Delete All’ command, the data is deleted from the database using the following query: 
DELETE FROM Antennas_Samples 
In the ‘Write All’ command, the information is written all at once to the database using the 
following query: 
INSERT INTO Antennas_Samples (Sample, Characterized) SELECT ‘sample1’, characterized1 
UNION ALL SELECT ‘sample2’, characterized2 UNION ALL SELECT ‘sample3’, characterized3 
As an example, let’s consider the following information is to be written in Antennas_Samples 
table: 
 
Figure 26: Samples table 
For this table, the queue to write the information to the database would be the following: 
INSERT INTO Antennas_Samples (Sample, Characterized) SELECT ‘TLVS-A-0000000’, 1 UNION ALL 
SELECT ‘TLVS-A-0000001’, 0 UNION ALL SELECT ‘TLVS-A-0000002’, 0 
Command Meaning 
SELECT* FROM <table> Read All Command 
DELETE FROM <table> Delete All Command 
INSERT INTO <table> (col1,col2 ) SELECT col1data1,  
col2data1  UNION ALL SELECT  col1data2,  col2data2 
Write All Command 
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4.1.2. POWER SUPPLY (PS) COMMUNICATIONS 
A programmable power supply is required. For this application, IPS X303 DC Power Supply is 
used, which is capable of being remotely controlled via the USB connection. 
4.1.2.1. PS COMMAND REFERENCE 
The PS is used to feed the active antennas and to monitor the current. If the antenna is not 
consuming, an error is flagged and the test is stopped, as the antenna is broken. The 
minimum consumption for each antenna type can be defined in the Setup stage, and not 
checking the consumption can also be selected. 
 Detailed descriptions of each PS command start from the next table: 
Table 6: PS communications 
 
When testing, an example of the usual flow of the PS commands can be seen below: 
 
                
Figure 27: PS operations 
 
 
 
Command Meaning 
*IDN? Returns the IPS 3303Dor IPS X303S identification. 
ISET<channel>:<value> Sets the current limit 
VSET<channel>:<value> Sets the output voltage 
IOUT<channel>? Returns the actual output current. 
VOUT<channel>? Returns the actual output voltage. 
OUT<BOOLEAN> Turn on or off the output 
Stablish 
Connection 
Put Output 
On 
Set Voltage 
Check 
Consumptio
n 
Put Output 
Off 
If Consumption  
required 
After fnishing  
the test 
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For such actions, the following commands would be used: 
Check if PS connected    *IDN? 
Put output on     OUT1 
Set voltage to port 1    VSET1:12.5 
Check consumption on port 1  IOUT1? 
When finished, put output off   OUT0 
4.1.3. CLIMATIC CHAMBER (CC) COMMUNICATIONS 
A programmable climatic chamber is required with temperature and relative humidity (RH) 
programming capabilities.  
In order to provide flexibility for the management of hardware resources, the program is 
able to control two types of climate chambers available at the company: 
 DYCOMETAL’s CCK-40/1000 chamber allows temperatures from -40 ºC to 150 ºC, 
and relative humidity (RH) from 15% to 95%. 
 ACS’s CHALLENGE 250C chamber allows temperatures from -75 ºC to 180 ºC, and 
relative humidity (RH) from 10% to 98%. 
Both are capable of being remotely controlled via a RS-232 serial connection.  
In addition, as not all the climatic chambers are capable of processing gradients, this 
program only requires final set points, and then internally calculates the intermediate points 
and sends them to the chamber one by one. A temperature/humidity command is sent to the 
CC every 1 minute.  
4.1.3.1. DYCOMETAL CC COMMAND REFERENCE 
The access to the climatic chamber is done by writing and reading directly from the registers 
using Modbus communications protocol. This CC needs to be in OFF (Standby) state in order 
to send temperature and RH set points. The chamber is briefly turned OFF and rapidly 
turned ON again after writing the set points. The accessed addresses are the following: 
Table 7: Writing Table of CC 
 
 
Register Address Action 
9235 Sets the chamber’s state (On=1/Off=0) 
2 Sets the chamber’s RH set point 
1024 Sets the chamber’s Temperature set point 
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Table 8: Reading Table of CC 
4.1.3.2. ACS CC COMMAND REFERENCE 
The access to the climatic chamber is done by writing and reading directly from the registers 
using Modbus communications protocol. The accessed addresses are the following: 
Table 9: Writing Table of CC 
Table 10: Reading Table of CC 
Register Address Action 
1 Returns the chamber’s actual  Temperature 
1026 Returns the chamber’s actual RH 
Register Address Action 
0 Sets the chamber’s state (on/off) 
4 Sets the chamber’s RH set point 
7 Sets the chamber’s Temperature set point 
Register Address Action 
32 Returns the chamber’s actual RH 
36 Returns the chamber’s actual Temperature 
52 Returns the chamber’s alarm state 
60 Returns the chamber’s state (on/off) 
64 Returns the chambers actual RH set point 
69 Returns the chambers actual Temperature set point 
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After writing the command to the CC, the status of the CC is read and the information is 
shown in indicators in the PC. See in the following picture the indicators of the mentioned 
registers on a durability test: 
 
Figure 28: Climatic Chamber communications indicators 
4.1.4. VECTOR NETWORK ANALYZER (VNA) COMMUNICATIONS 
A programmable VNA is required. For this application, R&S VNA is used, which is capable of 
being remotely controlled via an Ethernet connection.  
The VNA must have two ports, as double antennas are to be characterized. It must be able to 
obtain the S parameters of the tested antennas: S11, S12, S21 y S22, on an adequate frequency 
range for each antenna type, configurable from the PC. 
Multiple operations are to be performed with the VNA on different test stages: 
 SETUP: 
 Characterization Setup: Set the configuration parameters of the 
characterization. 
 Calibration: Calibrate the system. 
 TEST: 
 Perform Characterization: Obtain the S parameters of the antenna. 
The different parts of the VNA operations are explained in the following sections. 
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4.1.4.1. CHARACTERIZATION SETUP COMMAND REFERENCE 
Before starting the test of the antennas, different parameters are to be configured to the VNA 
to obtain a correct characterization, such as: Sweep initial and final frequencies, number of 
points…  
Also, the sweep time has to be configured: A single sweep, from the initial frequency to the 
final frequency, and then the VNA stops the data acquisition. 
In the table below are listed all the configurable parameters of the VNA, along with their 
respective commands. 
Finally, the sweep time is calculated with such configuration. 
 
Table 11: Characterization Setup Configuration 
4.1.4.2. CALIBRATION COMMAND REFERENCE 
Before starting the characterization measurements, the VNA has to be calibrated according 
to the test parameters (number of ports, initial and final frequencies…). The calibrations are 
stored in the VNA and recovered from there; therefore multiple PCs running the application 
can use the same VNA and recover the calibration, without having to perform a calibration 
for each PC. 
To calibrate the VNA or apply a stored calibration, the steps to follow can be seen in the 
following Flowchart.  
Command Meaning 
*RST Reset instrument 
FREQ:STAR<StartFreq> Sets the start frequency of the sweep 
FREQ:STOP<StopFreq> Sets the stop frequency of the sweep 
SENS<channel>:BAND: 
RES <ResBandwidth> 
Defines the resolution bandwidth of the analyzer 
SWE:POIN  <SweePoint> Defines the total number of sweep points 
SOUR1:POW <IntSourcePow> Defines the power of the internal signal source 
INIT:CONT:ALL OFF Activate single sweep mode for all channels. 
SENSE1:SWEEP:COUNT 
<Sweep> 
Defines the number of sweeps to be measured in 
single sweep mode. Has to be set to 1. 
SWE:TIME? Query total sweep time 
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Figure 29: Calibration Flowchart 
When a new calibration is started, the calibration standard has to be selected. Depending on 
it, different calibrations are made (Open, Short, Match and through buttons will turn green), 
while the data is shown in the graphs in the PC. Once all the calibration steps are finished, the 
calibration can be applied VNA and stored in the VNA’s internal memory, and it will be 
accessible through the program to be loaded in the future. 
4.1.4.2.1. Configure New Calibration 
First step is to configure a new calibration; that is, to select a calibration standard and select 
the used calibration kit.  
The following table shows the commands used to configure a new calibration: 
Table 12: Characterization Setup Configuration 
 
Regarding the calibration kit, different connector types and calibration kits are available. In 
or case, calibration ZV-Z21 is used, with 50 N connectors. 
Concerning the calibration standard, the followings can be selected, depending on the 
number of ports (the program automatically loads the calibration standard regarding the 
number of ports selected in the setup configuration stage): 
2 port antenna: TOSM (Through – Open – Short – Match) 
1 port antenna: Full One Port (Open – Short – Match) 
Command Meaning 
SENS:CORR:CKIT:<ConnType>:SEL ‘< CalName >’' Configure calibration kit.  
SENS<Channel>:CORR:COLL:METH:DEF 
'<CalName>',<CalStd>,<port1>,<port2> 
Configure calibration standard. 
Cal. 
Manager 
Apply & 
Save 
Load 
Delete 
Launch 
Cal. 
Configur
e New 
Cal. 
Cal. Kit  
Cal. 
Standard 
Open 
Port 1 
Short 
Port 1 
Match 
Port 1 
Open 
Port 2 
Short 
Port 2 
Match 
Port 2 
Through 
Ports 1-2 
Through 
Ports 2-1 
Plot Cal. 
Graphs 
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An example of the resulting queries is given below: 
SENS:CORR:CKIT:ConnN50:SEL ‘ZV-Z21’ 
SENS1:CORR:COLL:METH:DEF “”,TOSM,1,2 
4.1.4.2.2. Launch Calibration 
After selecting the calibration standard and the calibration kit used, calibration can be 
started. Regarding the selected calibration standard (depending of the number of ports used 
for the calibration), different steps have to be performed in order to obtain the calibration 
error correction factors (ECF). 
The following table shows the commands used to launch a calibration: 
Table 13: Characterization Setup Configuration 
 
The calibration standard step has multiple options, regarding in the calibration standard 
selected in the previous step: 
2 port: TOSM: Through (THR), Open (OPEN), Short (SHORT), Match (MARCH) 
1 port antenna: Full One Port: Open (OPEN), Short (SHORT), Match (MARCH) 
Only after performing all the required steps is the calibration to be finished and available for 
applying/storing. If a calibration is missing any of the steps, it will not be saved. 
An example of the query is given below: 
SENS1:CORR:COLL:SEL OPEN,1,2 
4.1.4.2.3. Plot Trace Data 
For each calibration step, the obtained plots are plotted in the PC for visual help. 
The following table shows the commands used to plot the validation graphs in the program: 
Table 14: Characterization Setup Configuration 
 
 
Command Meaning 
SENS<Channel>:CORR:COLL:SEL 
<CalStdStep>,<port1>,<port2> 
Perform calibration of each calibration 
standard point. 
Command Meaning 
CALC:DATA:TRAC? '<Trace>',FDAT Get response values 
CALC:DATA:STIM? Get Frequency 
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4.1.4.2.4. Recipe manager 
Once the calibration is finished, the recipe manager allows applying and storing it, deleting 
an old calibration or loading a calibration from memory. 
The following table shows the commands used for the calibration recipe manager: 
Table 15: Characterization Setup Configuration 
 
When a calibration is saved, it is stored in the VNA. In order to detect them in the 
applications, calibrations on the VNA have to be saved with the following name format: 
name_ports_finitial_ffinal_dd-mm-yyyy_hh-mm 
Where ports can be: BOTH, PORT1, PORT2. 
An example of the query is given below: 
MMEM:STOR:CORR 1,' l42l_BOTH_600M_3G_31-01-2017_10-14' 
4.1.4.3. PERFORM CHARACTERIZATION 
The most important part of the test is the characterization of the antenna. Antennas are 
characterized under different conditions, and the characterization data is stored in .txt files. 
This data can be later used to visualize and analyse old calibrations, as well as to perform 
comparisons between multiple files in the REPORT stage, and validate different antennas. 
As the VNA configuration for the characterization is already been performed in section 
4.1.4.1: Characterization Setup, only the different S parameters and the data units are to be 
configured in this stage. As multiple characterizations are to be performed (a maximum of 8: 
4 S parameters, 2 units each), the VNA display has to be configured to show each 
characterization trace in a different window. Finally, the data is plotted in the PC. 
The characterization file storage is done via Software and is not explained here. 
Command Meaning 
SENS<Ch>:CORR:COLL:SAVE:SEL:DUMM Create a calibration data set and apply it to 
the VNA 
MMEM:STOR:CORR <Ch>,'<filename>' Save the calibration data in the VNA’s 
memory 
MMEM:LOAD:CORR <Ch>,'<filename>' Load a calibration from the VNA’s memory 
SENS<Ch>:CORR:COLL:DEL '<filename>' Delete a calibration from the VNA’s memory 
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Figure 30: Calibration Flowchart 
Detailed descriptions of each command start from the next tables: 
4.1.4.3.1. Configure Characterization 
The S parameter to be calculated and the characterization units (dB or Vrws linear) are to be 
selected in this step. Additionally, the trace number of the VNA display can also be selected. 
Table 16: Characterization Setup Configuration 
In the characterization command, each S parameter is selected individually, and a trace 
number is selected for each of them. The trace number starts in 1, and is incremented each 
for each calculation, until a maximum of 8 (4 S parameters, 2 units each). 
Referring the format, the format can be: SWR for linear (Vrws) or MLOG for logarithmic (dB). 
An example of the resulting queries is given below: 
CALC1:PAR:SDEF 'Trc1,'S11’ 
:CALCULATE1:FORMAT MLOG 
4.1.4.3.2. Launch Characterization 
The sweep was configured in stage 4.1.4.1: Characterization Setup: a single sweep, from the 
initial frequency to the final frequency, and then stop the data acquisition. 
The following command initiates the configured sweep, for the parameters configured above, 
and waits until VNA finishes the data acquisition. 
Table 17: Characterization Setup Configuration 
Command Meaning 
CALC1:PAR:SDEF '<Trace>,'<Sparam>’ Characterization Command.  
:CALCULATE1:FORMAT <Format> Format Command.  
Command Meaning 
INITIATE1:IMMEDIATE; *WAI Start configured Sweep. Wait until finished 
Update VNA 
Dysplay 
Launch 
Charact. 
Configure 
Charact. 
S parameter  
Units  
(Vswr or dB) 
Plot data 
in PC 
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4.1.4.3.3. Update VNA Display 
After performing the characterizations, each trace is shown in the VNA display.  As multiple 
characterizations are to be performed (a maximum of 8: 4 S parameters, 2 units each), the 
VNA display has to be configured to show each characterization trace in a different window. 
The number of trace and window are automatically set by the software. After each operation, 
a Wait command waits until the VNA has finished plotting the data in the VNA display.2 This 
data is also shown in the PC program. 
Table 18: Characterization Setup Configuration 
An example of the resulting queries is given below: 
:DISPLAY:WINDOW01:STATE ON; *WAI 
:DISPLAY:WINDOW01:TRACE01:FEED 'Trc01'; *WAI 
4.1.4.3.4. Plot Trace Data 
The characterization data is extracted. With this data, 2 operations are performed: 
1. Plot the data in the PC (same plots as the VNA display is showing). 
2. Store the characterization data in .txt files for future analysis. 
Table 19: Characterization Setup Configuration 
                                                             
2 VNA display showing the 8 traces: 4 S parameters (rows), 2 units each (columns). 
 
 
Command Meaning 
:CALC1:PARAMETER:SELECT '<Trace>’; *WAI Get Trace Command 
:DISPLAY:<Window>:STATE ON; *WAI Window Active Command 
:DISPLAY:WINDOW01:TRACE1:FEED '<Trace>'; *WAI Update Window with the trace data 
Command Meaning 
CALC:DATA:TRAC? '<Trace>',FDAT Get Y Data 
CALC:DATA:STIM? Get Frequency 
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4.2. POLLING VS. EVENT DRIVEN PROGRAMING 
In programming, there are two ways of handling events: Polling programming, and Event 
driven programming. 
Polling is the process of constantly checking on the buttons, to see if an action is required. It 
is more resource-consuming. 
With event driven programming, each event or button launches an associated set of actions, 
and the program is in idle state if no events triggered. 
However, with event-driven operations, the program will be stuck until such operation is 
finished; this means, the screen will be frozen and no other buttons will be responding (note 
that the tab-changing operation is event-driven). For this reason, multiple polling loops are 
implemented to allow time-consuming operations to run simultaneously while maintaining 
the control of the program.  
As an example, with this polling structure the program can be performing a durability test 
(the longest-time consuming operation) and the user can at the same time using the program 
to perform other operations, such as generating validation reports or visualizing the 
characterization files generated during the durability in the ‘Post Analysis’ tab. 
There are 3 polling loops in the program, and one Event-driven structure to handle all the 
other cases and program buttons: 
 
 POLLING: 
 CALIBRATION POLLING 
 CHARACTERIZATION POLLING 
 DURABILITY POLLING 
 
 EVENTS: 
 CALIBRATION RECIPE MANAGER: Apply, Delete, Load a Calibration from the 
VNA’s memory. 
 VALIDATION 
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4.3. AUTOMATIC TEST STEPS AND DEVELOPMENT 
We will analyse the 4 main and most complex automatized test steps of the program: 
Calibration, Characterization, Durability and Validation. The first one corresponds to the 
Setup stage; Characterization and durability are performed in the Test stage; and finally 
Validation is done and the final Reporting stage. 
As Durability is very time-consuming, it has its allocated polling structure. This allows the 
user to still have control of the program’s other tabs while performing a durability test, and 
can thus visualize the characterization performed during the durability.  
Characterization as well is done in a polling loop, as it can take several seconds, depending 
on the number of points selected (it can be seen in the sweep time). As a durability test can 
call for several characterizations, the program can not be frozen for each characterization, if, 
say, the user is doing other operations while an on-going durability. This is why a 
characterization is performed in a polling structure. 
On the other hand, the validation and report generation is a task performed by the user with 
less periodicity. An event-driven structure is used for this operation. When the validation 
parameters and files are chosen, the validation will take some seconds (progress is shown on 
a progress bar). Note that while a validation on-going, the user can not change the tab of the 
program; it has to stay in the validation window until validation finished. 
Calibration, however, uses both polling and event-driven structures. The calibration 
performance (calibration setup and all calibration steps) are done in a polling loop, while the 
recipe manager (save a calibration, load a previous calibration or delete a calibration) is 
performed on the general event-driven structure, as those operations do not take much time.  
See a summary of the test steps below:  
Table 20:  Test Steps 
 
 
 
 
 
STAGE TEST STEP TYPE 
SETUP CALIBRATION Polling (Perform Calibration) 
& Events (Recipe Manager) 
TEST CHARACTERIZATION Polling 
TEST DURABILITY Polling 
REPORT VALIDATION Events 
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4.3.1. CALIBRATION 
The calibration work-flow is also discussed in chapter 4.1.4.2. Calibration Command 
Reference. 
When starting a calibration, firstly the calibration has to be configured:  this is, setting the 
calibration kit used and the calibration standard, depending on the number of ports set in 
the setup. TOMS calibration will be performed for double-port antennas, and Full 1 port 
calibration for 1 port antennas. Each step of the calibration standards have to be performed 
individually. Should the user fail to do so, calibration would be incomplete and could not be 
loaded nor saved. 
After each calibration step, the results will be plotted in the PC graphs. 
When all the steps are finished, calibration will be available for applying and saving in the 
VNA’s memory. The stored calibrations are available for later recovery. 
 
Figure 31: Calibration flow diagram 
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4.3.2. CHARACTERIZATION 
When a characterization is launched, either by the user or by the durability loop, the 
following loop is executed. 
If consumption checking is required3, the program communicates with the PS to obtain the 
current. If consumption is not OK (is 0 or is below the minimum consumption limit set on the 
characterization setup), first it is checked if the PS is working correctly. The consumption 
double-check sub diagram seeks the source of the error, reinitializing the PS and setting the 
voltage again. If the error persists, the characterization is stopped, as antenna is not properly 
working and thus the characterization data will be useless.  
If consumption is correct, characterization is launched. 
If the live-data validation is selected, validation is performed (see validation loop). After that, 
the traces (characterization traces and validation traces, if any) are plotted in the graphs of 
the PC. 
If the characterization is a preview, the loop stops here. 4  
If a real characterization, the characterization data is stored in .txt files.  
If the characterization is performed by the user, the sample is marked as characterized in the 
DB to keep traceability, and the next non-characterized sample is loaded for the next 
characterization. If, on the other hand, the characterization is called by a durability loop, this 
step is saved for the end of the durability, after all characterizations are done on the current 
sample. Durability also updates the status of the sample in the DB automatically. 
 
                                                             
3 Consumption checking is optional. In cases where a controllable power supply is not 
available, the current check can be done manually and the program can still run without 
flagging consumption errors. 
4 Preview data can be later stored with no need of performing the same characterization 
again. 
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Figure 32: Antenna Characterization flow diagram 
  
* Consumption double-check 
* Consumption double-check 
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4.3.3. DURABILITY 
When a durability test is started, firstly the connection with all the needed instruments is 
checked. If any of the instruments is missing or not responding, durability does not start. 
Once the instrument connection is granted, a command will be sent to the instruments every 
‘command time’. The durability will be stuck at this waiting time until the command time has 
passed. This command time is 1 minute in case of CC temperature durability. That is, every 
minute a different temperature and humidity command will be sent to the CC, as 
intermediate gradient points between the initial and final points. This also checks the CC 
state every 1 minute. If the connection with the CC is lost, the response time is faster. 
However, if CC is not required for the durability (Voltage-steps durability or ON-OFF cycles), 
the command time is 0: commands are sent as fast as possible. When the previous voltage 
point is finished, the next one is send. Voltage durabilities are much faster.  
Afterwards, if the durability is not finished and is not the end of a cycler either, the next point 
command is sent to the instruments. For the first point on a temperature durability test, the 
command of the first point is send, and the read data of the CC allows calculating the 
intermediate gradient points from the actual CC state (current temperature and humidity) to 
the first configured temperature-humidity points. The rest of the gradient points are also 
calculated here. 
The intermediate gradient points will be sent until a final point is reached. When that 
happens, in case of a temperature durability test, it must be checked that the temperature is 
within an acceptance range.5 The loop will remain here until temperature is in range, 
sending the same temperature-humidity command and reading the response every 
command time. In case of voltage-only durabilities, this step is skipped.  
When a steady point is reached, the ‘Steady time at point’ amount of time is waited. 6 
After that, characterization is launched (if asked so). For temperature durabilities, 
characterizations are usually performed at each point. However, for long ON-OFF cycles of an 
antenna, characterizations may want to be skipped, and the antenna’s status will be checked 
at the very end of the test, to avoid having many unnecessary characterization files and save 
durability time. 
These steps are repeated until the end of a cycle is reached, at which point the time between 
cycles amount of time is waited.7 
When the durability is finished, the instruments are turned off, and the sample’s status is 
updated in the DB, for keeping traceability. 
 
                                                             
5 The temperature acceptance range can be configured in the durability configuration 
window.  By default it is set to ± 2 ºC. 
6 The steady time a point parameter can be configured in the durability configuration 
window. 
7 The time between cycles parameter can be configured in the durability configuration 
window. 
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Figure 33: Durability Diagram 
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4.3.4. VALIDATION AND REPORT 
After the testing is finished, the results have to be analysed to generate the antenna reports. 
The validation tool allows performing multiple validations according to multiple validation 
parameters, and generates automatic graph and reports. 
 When a validation is started, after choosing the compared files and he validation setup 
parameters, first the pattern (or original) trace is configured. The filtering and acceptance 
frequency zones are established8, and the maximum and minimum limit traces are calculated 
according to the different validation configuration parameters. 
Afterwards, the validation is started for each file that is to be compared with the previously 
configured pattern. The data is compared, and when an error is found (that is, the 
comparison file trace is not in the maximum/minimum range calculated before, and this 
difference is inside the acceptance frequency zones), the error is stored.  
At the end of the analysis, the errors are compared and the biggest error is written in the 
error report generated along with the consumption report of the compared antennas, and 
the generated validation graphs.  
                                                             
8 Validation filtering and acceptance zones vary for each antenna type and are configurable 
in the validation setup window. 
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Figure 34: Validation Diagram 
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5. STEP BY STEP GUIDE 
To make all the above more comprehensible to the reader, this step by step guide exhibits 
the final user experience of the testing and validation system. The purpose of this chapter is 
to clarify the previously stated sections and explain the software interface in a user-friendly 
way. In the light of the above, the steps followed by the end-user through the entire test and 
validation plan are detailed in the following sections. 
5.1. SOFTWARE INTERFACE 
When accessing this application, the following main menu appears where different parts can 
be identified: 
[A]: Application Menu: By clicking on each item, the user can select the different 
windows. 
[B]: Main Window: Different windows will be shown in this area for each item 
selected in [A]. Each window is intended for a different purpose – setup, calibration, 
validation, durability, live test data… 
[C]: Controls Area: Different controls will be shown in this area for each item 
selected in [A]. These controls perform different actions related to the window in [B]. 
[D]: Status Message Box: All the messages generated by the application for the user 
are shown in this box, along with the time they were generated. Additionally, the 
information shown in this field is also stored in a log .txt file called ‘Logs’ located in 
the program’s root path.  
 
Figure 35: Main Menu 
B 
A 
C
B 
D 
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5.2. SETUP STAGE 
5.2.1. SAMPLES MANAGER 
First step is to register the samples. Samples are registered and stored in the Database to 
keep traceability of all the antennas along the entire VP. For information on database 
connection go to 3.5.1. Database access. 
[A]: Add Samples: To register the samples, write the label of the first sample and the 
number of samples to add. When clicked ‘Add Samples’, the samples will be added to 
the samples list [C] and to the Database.9 
[B]: Characterized Samples Setup: It can be chosen for the samples to be marked 
when characterized or to be deleted. If marked, a tick will appear on the samples 
list’s ‘charact.’ field [C]. This allows the user to keep track on the samples already 
characterized. Only the samples that have not been characterized can be chosen in 
the ‘Live Test Data’ window. 
[C]: Samples Manager Add Samples: The samples created in [A] will appear here, 
along with the characterization status. The controls on the right allow to delete the 
samples, mark/unmark as characterized, delete all the characterized samples, etc. 
This list is directly related to the Database. 
Traceability without Database: 
If connection with the database can not be established, exceptionally samples traceability 
can be kept by creating .txt files of the current samples and characterization status on the 
folder ‘Current Samples’, on the root path of this program. This option is only available by 
code modification. 10 
                                                             
9 Check in the Status Messages Log if the connection to the Database has been successfully 
established. 
 
If not, the database will not be updated and traceability will be lost. In that case, the 
following warning will appear: 
 
10 Programmer: change global switch ‘Use Database’ in ‘GENERAL Globals.vi’ to OFF. 
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Figure 36: Samples Manager window 
5.2.2. GENERAL SETUP 
Next step is to define the General Setup and connect the different instruments. For that 
purpose, the application has the following controls: 
[A]: General Setup: The basic configuration of the instruments can be set here: 
antenna type – to define the frequency ranges to validate -, initial and final 
frequencies, voltage to apply11 and number of ports to use in the VNA (port 1, port 2 
or both ports). 
[B]: Characterization Setup: The different characterization parameters can be 
configured here:  the parameters to be measured and their units, the minimum 
antenna consumption to be accepted, the window bandwidth, number of points to be 
taken (resolution) and power to be applied. Once these parameters are applied to the 
VNA, an estimated sweep time is calculated. 
[C]: Validation: Allows comparing the characterization data with the file specified in 
‘File to Validate with’. The characterization will be shown in ‘Live Test Data’ window 
together with the validation file data and the validation status12. The characterization 
                                                             
11
 The voltage is automatically applied to the power supply (PS). If the PS is not connected, 
the following warning will be shown: 
 
12
 Validation Status Led in the ‘Live Test Data’ window, along with the traces legend: ‘Live 
Data’ would be the characterization trace, ‘Pattern’ the chosen validation file and ‘Max/Min’ 
the validation limit traces given by the ‘Pattern’. If the ‘Live data’ is inside the validation 
limits in the validation zones, Validation led turns on. 
 
C B
A
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data is stored as .txt file in the folder specified in ‘Path to store charact. files’, which 
by default is the folder ‘Test Data’ in the root path of this program. 
[D]: Setup Configuration Manager: A list with all the stored setups is shown, along 
with the date and time that the setup was stored. When a configuration is saved [E], 
the configuration file (.txt) is stored in the PC running the application, in a folder 
named ‘General Setup’ in the root path of the application. With the controls on the 
right, a setup can be loaded or deleted. When loaded, the setup parameters are 
shown in this window, but they are not applied to the VNA until ‘Apply’ button is 
clicked [E]. 
[E]: Apply and Save Setup Configuration: The setup configuration can be saved 
here and will appear in the [D] configuration list. Also, the configuration is applied to 
the VNA in this section. Once applied, the new parameters will appear in [G]. 13  
[F]: Connect & Reboot: The different instrument’s remote connection is configured 
here. The different instruments that can be connected are: Vector Network Analyzer 
(VNA), Power Supply and different Climatic Chambers. The instruments have to be 
connected for the characterization and durability to be able to start.  
[G]: Controls Area: Overview of the most significant parameters of the VNA 
configuration. These controls show the setup parameters that are applied on the 
VNA. 
                                                             
13 The configuration parameters are not applied to the VNA until ‘Apply’ button is clicked. If 
any of the configuration parameters are changed in this window, the following message will 
appear to remind you that the values you see are not the ones applied to the VNA. Once 
applied, the message will dissapear.  
 
  
61 
 
 
Figure 37: General Setup window 
5.2.3. VALIDATION SETUP 
The validation configuration is done in this window. It allows configuring parameters of all 
kind, from formatting parameters of graph and reports (title and legend) to engineering 
parameters of the validation code (acceptance criteria). This configuration is distinguished 
for each S parameter (S11, S12, S21, S22), and the acceptance criteria depends on whether it is a 
Reflection or Transmission parameter. 
[A]: Graph Parameters: All validation parameters can be configure here.  These 
parameters are explained in depth in the section ‘Validation Parameters’. 
 [B]: Controls Area: Different operations regarding the validation can be performed 
here.  
‘Perform Validation’ and ‘Consumption Report’ controls are concerning the 
‘Validation Manager’ and will be explained in that section.  
The button ‘Validation Setup’ allows to save the parameters in [A], or load a setup 
configuration previously saved. These configurations are stored as a .txt file in the 
folder ‘Validation Configuration’, placed on the root path of this program14.  
The ‘Show Limits’ button generates a graph with not the legend nor max/min 
validation limits, thus with a larger plot area. 
                                                             
14
 Example of saved configurations in the ‘Validation Configuration’ folder. 
 
A
B
C
D
F
G
E
  
62 
 
 
 
Figure 38: Validation Setup window 
  
B
A
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Graph Parameters: 
 The validation general parameters regarding the graph and reports can be set here: 
graph initial and final frequencies, maximum and minimum gain values to plot, axis 
modes (linear or logarithmic), gain units (dB or Vswr) and graph and axis titles. 
Additionally, whether the graphs will be generated or not can also be chosen in this 
area. 
Acceptance Limits - Common Parameters: 
 Filter widths: Selects the filtering of the original signal to smoothen the maximum 
and minimum limits. E.g.: A Filter width of 20 samples takes the 10 samples before 
and 10 samples after each trace point and performs the arithmetic mean to calculate 
the value at that point. On the other hand, filter width of 1 sample performs no 
filtering. 
 Acceptance limits: Percentage of the gain at each point added or subtracted to set the 
maximum or minimum acceptance limits. 
 Offset min: Gain to be added to the minimum limit trace directly. This offset is not a 
percentage of the trace - it shifts the entire trace horizontally as needed. 
Acceptance Limits - Different Parameters: 
 Distance to Peak: Is the gain distance that differentiates the different zones of the 
trace. Reflection: separates matching and non-matching zones. Transmission: 
separates transmission and noise regions. E.g.: The points with a gain value lower 
than the Distance to Peak parameter are considered noise points and thus noise 
offset parameters apply. The points inside the Distance to Peak range are considered 
transmission points and transmission parameters apply. 
 Match/Mismatch Limit max (Reflection): Sets the maximum limit of the trace 
applying the configured percentage of the gain in each point. Allows configuring 
different percentages to match and mismatch zones, as in the mismatch zones the 
antenna performance is not optimal and the output varies more, needing less 
restrictive limits. 
 Transmission/Noise Offset max (Transmission): Sets the maximum limit of the trace 
applying the configured gain offset. Allows configuring different percentages to 
transmission and noise zones, as the transmission band requires closer validation 
limits and the noise zone only needs maximum limit to ensure low noise 
transmission. 
Other Setup:  
 The ‘Acceptance Zones’ combo box determines the frequency ranges that are 
considered for the validation of each antenna type. Different antenna types have 
different working frequency bands and hence different acceptance zones. Some 
acceptance zones are slightly different depending on whether transmission or 
reflection is being measured. The other frequencies will be greyed out and excluded 
from the validation analysis.  
 The ‘Complete Legend’ button selects the option of showing all the After Test traces 
in the legend, or only the Initial Measurement and the Max/Min validation limits.  
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5.2.5. DURABILITY SETUP 
The application allows performing temperature durabilities, as well as voltage cycles or 
on/off cycles. CC and PS can be selected independently. This allows having an external PS, if a 
programmable one would not be available, and setting the voltage by hand would still allow 
temperature durabilities.  
To configure durability, follow the following steps: 
[A]: Durability Setup: The basic configuration of the instruments can be set here. A 
temperature point is considered stabilized when the temperature stays within the 
‘Acceptance Tº range’ for the time period established at ‘Steady time at point’. The 
parameters ‘Estimated Settling Time’ is an estimation of the time it will take for each 
point to stabilize. This parameter is considered when making estimation for the 
profile graph [G] and the durability total time [D]. 
[B]: Profile Points: The durability profile points are defined here. When a new point 
is added, it is loaded to the profile list [C] and the profile graph [G]. Each point has 4 
parameters: Temperature (ºC), Relative Humidity (RH, %), Voltage (V) and Step Time 
(min). The step time is the time it takes from the previous point to reach the current 
point state. The other parameters are enabled/disabled depending on the type of 
durability [E] (see Figure 39 and Figure 40). Regarding the profile list [C], profile 
points can be added to the end of the list (‘Add new’), inserted on an intermediate 
position (‘Insert’), or a point on the list can be modified (‘Update’). Additionally, a 
point from the list can be deleted (‘Delete’) or the whole list can be cleared (‘Clear 
all’).  
[C]: Profile List: The points inserted in [B] are listed here to create the profile steps. 
This list is plotted in [G]. The points of the list can be modified in [B]. 
[D]: Cycles Setup: The number of cycles to perform can be configured here, as well 
as the time between cycles. The ‘Total Time’ estimation is automatically calculated 
using the ‘Estimated Settling Time’ at each point. 
[E]: Type of Durability: Temperature-humidity durabilities can be made using a 
Climatic Chamber (CC) and/or voltage durabilities using a Power Supply (PS) (Figure 
40). They can be combined to perform temperature-voltage durabilities (Figure 39). 
Additionally, characterizations can be made at each point to save the durability data. 
Characterizing option can be unchecked if many cycles durabilities are to be made 
without recording any data (e.g.: Voltage on-off cycles).  
[F]: Durability Manager: A list with all the stored durability configurations is 
shown; along with the date and time they were stored. When a configuration is 
saved, the configuration file is stored in the PC running the application, in a folder 
named ‘Durability Setup’ in the root path of the application. With the controls on the 
right, a setup can be saved, loaded or deleted. 
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[G]: Profile Graph: The durability profile [C] is plotted as a visual helping tool. Only 
the 1st cycle is plotted – for multiple cycles, the entire profile graph can be seen in 
‘Live Test Data → Durability’. 15 
[H]: Controls Area: Overview of the most significant parameters of the current VNA 
configuration. 
In the following figures, different durability scenarios can be seen. Figure 39 shows a 
complete temperature-voltage durability, where all the parameters are enabled. On the other 
hand, in Figure 40 a voltage durability can be seen (without climatic chamber). Here, the 
temperature and humidity controls are desabled, and only voltage can be configured.  
 
Temperature – Voltage Durability:  
 
Figure 39: Durability window – Temperature & Voltage Durability 
                                                             
15
 Multiple cycles complete profile graph on ‘Live Test Data → Durability’ window of 
Temperature – Voltage Durability (Figure 39). 
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Voltage Steps Durability: 
 
Figure 40: Durability window – Voltage Steps Durability 
5.2.6. CALIBRATION 
Before starting the characterization measurements, the VNA has to be calibrated according 
to the test parameters (number of ports, initial and final frequencies…). The calibrations are 
stored in the VNA and recovered from there. To calibrate the VNA or apply a stored 
calibration, follow the following steps: 
[A]: Calibration: When the ‘New Cal’ button is pressed, the calibration buttons 
appear in yellow. 16 By clicking them, the different calibrations are made (Open, 
Short, Match and Through buttons will turn green), while the data is shown in the 
graphs in [B]. The calibration can be cancelled by pressing ‘cancel’ button. Once all 
the calibration steps are finished (all buttons in green), the ‘Apply & Save’ button is 
                                                             
16 Depending on which port of the VNA is selected in the ‘General Setup’ window, different 
calibration options will appear. See the example below for PORT 2 configuration: 
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enabled, allowing the user to apply the calibration to the VNA and store it, so it will 
appear in the calibration list [C]. 
[B]: Graphs: The calibration Gain and Phase data appears here. 
[C]: Stored Calibrations: A list with all the calibrations stored in the VNA is shown, 
along with the date and time they were stored and the most significant configuration 
parameters such as number of ports of the calibration and initial and final 
frequencies. When a calibration is saved [A], it is stored in the VNA. With the controls 
on the right, a calibration can be loaded or deleted.  
In order to detect them in the applications, calibrations on the VNA have to be saved 
with the following name format: 
name_ports_finitial_ffinal_dd-mm-yyyy_hh-mm 
Where ports can be: BOTH, PORT1, PORT2. 
Example: 
l42l_BOTH_600M_3G_31-01-2017_10-14 
[D]: Controls Area: Overview of the most significant parameters of the current VNA 
configuration. 
 
Figure 41: Calibration window 
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5.3. TEST STAGE 
In this window, the data acquisition is shown. Characterization data or durability progress 
can be seen here.  
5.3.1. CHARACTERIZATION 
The Post Test Data window allows to access the data previously saved and recovers it for an 
after-test analysis. 
[A]: Tabs: There are different tabs accessible through this window. ‘All S Parameters’ 
tab shows four small graphs of the four S parameters. The other tabs show each of 
the S parameters in full screen for a deeper analysis, as seen in Figure 43. The 
durability tab shows the state of the on-going durability, check ‘Live Durability’ 
section. 
[B]: Graphs: The acquisition data is plotted in these graphs, along with the validation 
trace (if selected) and the max/min limits (if validation setup is selected). Above the 
graphs, gain units can be chosen (dB or Vswr). Additionally, the ‘Valid.’ led shows the 
validation status, defined in ‘validation setup’. If the trace is within the validation 
limits, the led will turn on. 
[C]: Controls Area: Different controls regarding the live test data can be found here. 
The ‘PS Output On’ button enables/disables the power supply output. It is 
automatically controlled when performing a characterization/durability. 
‘Consumption’ field shows the consumption of the characterization. ‘Validation File’ 
allows loading a file to validate the current data with (validation setup) has to be 
loaded). ‘Preview’ allows performing a preview of the measurement without saving 
the data. ‘Save preview’ allows saving the preview data as if it was a common 
characterization. In ‘Characterization’, the sample to test can be selected from the 
samples registered in ‘Samples Manager’ section. Only the samples that have not 
been already characterized can be chosen. When characterized, the next available 
sample will automatically be loaded. Below the sample field, a field to introduce the 
test name can be found. And finally, ‘Run Characterization’ button starts the 
characterization. 
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Figure 42: Live Test Data window 
 
 
Figure 43: S11 tab of Live Test Data Window 
 
 
 
A
B
C
  
70 
 
5.3.2. DURABILITY  
The state of the on-going durability can be checked in this tab. 
[A]: Durability Graph: Durability profile is plotted here as defined in ‘Durability 
Setup’ window, with all the cycles. 
[B]: Live data Graph: The live profile is plotted here.  
[C]: Durability Configuration: When durability is stopped, an intermediate point 
can be chosen for the durability to start/continue. It can be done either by choosing a 
cycle and step point in [C], or by moving the yellow cursor in graph [A] to the desired 
position, and the controls in [C] will be automatically updated. 
[D]: Durability Indicators: The live indicators are shown here: if the instrument is 
on/off, and the values that are sent to each of them. 
[E]: Controls Area: ‘Run Durability’ button starts the durability. Durability can be 
stopped at any time, or aborted using the ‘Abort Durability’ button below.  
 
Figure 44: Live Durability window: Temperature Durability 
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Figure 45: Live Durability window: Voltage only Durability 
5.4. VALIDATION AND REPORTING STAGE 
To analyse the test data, validation of the taken data can be performed. Multiple antennas 
can be validated against a common pattern or one antenna can be compared with itself 
under different conditions. Afterwards, graph and reports of the validation analysis are 
automatically generated and ready for the report. In the following sections, steps to perform 
validations are explained. 
The steps to generate validation graph and reports are listed on ‘Validation Manager’. 
Examples of the generated graph and reports are shown in ‘Validation Graph and Reports’ 
The validation analysis parameters and formulas are configurable on ‘Validation Setup’, and 
are explained in detail in the section ‘Validation Parameters’. 
5.4.1. VALIDATION MANAGER 
In this window, different data files can be selected to be compared. The the steps to create 
the different validation graph and reports are listed below: 
[A]: Validation Files: Initial files are uploaded here pressing ‘Add File’ button below. 
A report will be generated for each of the files on this list. 
[B]: Comparison of Measurements: The files to be validated (left column) are 
uploaded pressing ‘Add File’ button below. In the right column, these files are paired 
with an initial file from list [A]. Files with the same label are automatically paired, but 
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can also be manually modified using the buttons in [C]. All files have to be paired for 
the validation to start. 
[C]: Validation Controls: These controls at the bottom of the validation lists allow 
adding and deleting files from the lists. Also, the files can be manually paired by 
selecting the validation file (left list) and file to be compared (right list, left column) 
and pressing the ‘Validate with this’ button. The ‘Clear Lists’ button automatically 
clears both lists. And finally, the resulting graph and reports (see ‘Validation Graph 
and Reports’) will be stored in the ‘Path to save the results’ folder. By default, this 
path leads to the ‘Graphs’ folder located in the root path of this program.  
[D]: Controls Area: Different operations regarding the validation can be performed 
from here.  
‘Validation setup’ and ‘Validation Criteria’ controls are concerning the ‘Validation 
Setup’ and will be explained in that section.  
The button ‘Run Validation’ starts the validation process. The progress of the 
validation can be seen at the Progress bar below17.  
The ‘Consumption Report’ button generates a report with the consumption data of 
the selected files. When pressed, a dialog box will appear asking the user to select 
among all the test data the files that are to be selected for the report. 18 
 
                                                             
17 If the validation is successfully performed, the following message will appear in the Status 
Message Log: 
 
18 When the consumption report finishes, it can be located in the ‘Consumption Report’ 
folder in the root path of this program. The following message will appear in the Status 
Message Log: 
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Figure 46: Validation Manager Window 
5.4.2. GRAPH AND REPORT GENERATION: 
After measuring all the antennas, to analyse the test data, validation of the taken data can be 
performed. Multiple antennas can be validated against a common pattern or one antenna can 
be compared with itself under different conditions. Afterwards, graph and reports of the 
validation analysis are automatically generated and ready for the report. The validation 
analysis parameters and formulas are configurable on the Validation Setup. 
Graph:  
Validation generates multiple graphs such as the one below. In the graphs, the acceptance 
zones can be seen (greyed out zones are excluded areas). The max/min acceptance criteria (
) is applied to the Initial measure ( ) as established in the ‘Validation Setup’ 
parameters. The After Test traces within the limits are considered valid, and if there is no 
trace outside the limits, the ‘Validation OK’ text is showed. Otherwise, ‘Validation KO’ will 
be shown. 
A B
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Figure 47: S11 Report Graph 
 
Figure 48: S21 Report Graph 
 
Figure 49: S22 Report Graph 
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Report: 
Along with the validation graph, a .txt report is generated specifying the validation status of 
each trace. Additionally, for ‘NOT OK’ cases, the maximum error value is specified, as well as 
the maximum error occurring frequency point for easy locating. See an example of this 
report below: 
 
Figure 50: Validation Report  
Consumption Report: 
A report of the consumption data of the selected samples is also generated. The consumption 
of the antennas is obtained during their characterization (if not specified otherwise by the 
user), and is stored in the characterization file. 
An example of this report can be seen below: 
 
Figure 51: Consumption Report 
5.4.3. POST TEST DATA ANALYSIS 
Finally, the Post Test Data window allows accessing the data previously saved and recovers 
it for an after-test analysis: 
[A]: Tabs: Different tabs are accessible through this window. ‘All S Parameters’ tab 
shows four small graphs of the four S parameters. The other tabs show each of the S 
parameters in full screen for a deeper analysis, as seen in Figure 53 
[B]: Graphs: The data from the file selected in [D] is loaded and plotted in the graphs. 
This graphs can be exported by right-clicking on them and the axis can be directly 
modified. In the full graph tabs more options are available, such as zooming or 
creating cursors (see Figure 53.). 
[C]: Units: The gain units can be selected here (dB or Vswr). Changing the units will 
show the plot corresponding to each unit. 
[D]: Controls Area: The files to plot can be selected here. In the ‘Post test folder’, a 
folder is selected and all the files in that folder are shown in the list below. Choosing 
a file from the list will show the data of that file in the graphs in [B]. 
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Figure 52: Post Test Data window 
 
 
Figure 53: S21 tab with cursors 
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5.5. GENERATED FOLDERS 
In the root path of the program the following folders are created: 
 Logs: The messages generated by the application, which are shown in the ‘Status 
Message Log’   - see ‘Software Interface’ (5.1.) -,  are logged here  
 General Setup: The saved configuration setups - ‘General Setup’ (5.1.1.2.) - are 
located here. 
 Current Samples: If connection with the Database can not be established, 
exceptionally samples traceability can be established by creating .txt files of the 
current samples and characterization status. This samples traceability files - ‘Samples 
Manager’ (5.1.1.1.) – are located in this folder. This option is only available by code 
modification. 
 Validation Configuration: The saved validation setups - ‘Validation Setup’ (5.1.1.3.) 
- are located here. 
 Graphs: The graphs and reports generated in the validation - see ‘Validation Graph 
and Reports’ (5.1.3.2.) - are located here. 
 Consumption Reports: The consumption reports created in validation - see  
‘Validation Graph and Reports’ (5.1.3.2.) - are located here. 
 Durability Setup: The saved durability setups - ‘Durability Setup’ (5.1.1.4.) - are 
located here. 
 Test Data: The saved characterization files – see ‘Live Test Data – Characterization’ 
(5.1.2.1.1.) - are located here. 
 
 
Figure 54: Generated Folders 
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6. CONCLUSIONS AND OUTLOOK 
Towards completing the study of the new testing and validation environment, a thorough 
analysis of the old and new systems is to be performed. Firstly a comparison of both will be 
conducted, after which consideration the results are outlined. Lastly, a list of improvements 
is suggested for future enhancements.  
6.1. PREVIOUS VS. CURRENT SYSTEM COMPARISON 
A comparison between the previous acquisition and validation system and the current 
complete testing environment follows: 
6.1.1. PREVIOUS TEST & VALIDATION SYSTEM 
The former procedure for the test and validation of automobile antennas was performed in 
different steps that were independent, non-automated and very time-consuming.  
As a first step, characterization of the antennas was performed. As VNA and PS are non-
programmable, they had to be configured manually and independently for each test. On top 
of that, the setup could not be saved in the instruments; it had to be configured again each 
time. The setup configuration took an average time of 3 minutes per test.  
On the other hand, for temperature durabilities, each CC has its own independent 
application, which is different from one another. These CCs are also to be configured 
manually and independently from the VNA and PS for each test, and the configurations are 
once again non-retainable, meaning it had to be re-configured each time. The durability test 
setup took an average time of 15 minutes per test. 
After the test stage was finished, the characterization data had to be extracted from the VNA, 
which is highly inconvenient. The data format was not very easy to read either, and it usually 
had to be treated before analysis. 
Finally, different validating software would perform the validation analysis of the taken 
measurements. Validation graphs were generated and an error report was issued for 
antennas that failed the validation.  
 
 
Figure 55: Previous Process Diagram 
Extract 
test 
data 
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For antenna characterization, a non-programmable power supply (PS) was connected to the 
vector network analyzer (VNA), and the VNA delivered the mixed signal of frequency and 
voltage to feed the antennas. VNA would perform the measurements, and later on those 
measurements would be downloaded to a PC on a fixed format. For temperature durabilities, 
CCs were also configured manually. Each of them had individual applications to set the cycle 
conditions. As can be seen, all instruments were configured manually. 
After the test stage was finished, a separated validating application would perform the 
validation analysis of the taken measurements. 
On top of that, no traceability system was available. 
 
Figure 56: Previous System Architecture 
6.1.2. NEW ENVIRONMENT 
With the new environment, the process time is decreased considerably. 
SETUP is made once at the beginning of the VP and stored in the PC to be recoverable later 
on through the entire VP. The parameters for configuring the calibration of the VNA, the 
characterization parameters for different antennas, the climatic and voltage durability cycle 
conditions, as well as the different antenna validation criteria are all established in this initial 
stage. These configuration parameters are recoverable, so that setup for further tests of the 
same VP is loaded in no time.  
No Database 
For Traceability 
 
  
80 
 
Configuring all the setup (samples registration, characterization and durability 
setups) takes an average time of 5 minutes per VP19. Loading an already configured 
setup takes few seconds. 
TEST stage will perform the characterization of the antennas, as well as the voltage or 
temperature durability tests. This stage will be as automated as possible: after loading the 
setup from the previous stage, the application will control the instruments and monitor the 
cycle parameters. The measured data will be stored in the PC on an understandable format 
for later analysis. Additionally, the TEST stage allows real-time validation, to check if the 
antenna under test passes the validation criteria, and if not, not to proceed with the tests can 
be decided, as the antenna is faulty. 
As the tests are automated, once the DUT is placed on the testing setup, the 
instruments perform the testing cycles by themselves. 
REPORT stage is the last step of the VP, where all the data from the TEST stage is validated 
and different graph and reports are generated on a standardized format. The validation 
parameters are configured on the SETUP stage and are recoverable through the entire VP.  
Graph and report parameters are also configurable.  
Performing a validation analysis is takes few seconds, as it is automated and graph 
and reports are automatically generated. 
 
Figure 57: New Process Diagram 
All instruments involved in the testing are remotely controllable. The application allows 
configuring, controlling and monitoring the Vector Network Analyzer (VNA), different 
Climatic Chambers (CC) and a Power Supply (PS). This includes automatic switching on/off, 
real-time monitoring of the instrument status and the acquired measurement data storage in 
the PC on an understandable and modifiable text format. This data will be later recovered for 
analysis.  
Additionally, a traceability system is implemented for the following-up of the antennas, and 
so different people involved in the VP can see the status of the samples and the progress of 
the VP. Antenna samples are registered at the beginning of the VP and their status is 
automatically be updated on a database.  
 
                                                             
19 Validation parameters might take longer to define, as are often a trial and error process. 
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Figure 58: New System Architecture 
6.2. CONCLUSIONS 
Strong points of the new testing and validation environment are presented: 
AUTOMATIZATION & TRACEABILITY 
The whole process is automated, which in addition enables recording the information. This 
allows for reproducibility, traceability and also accountability of the testing process as all the 
data, configurations and machine logs are stored in the PC. 
SPEED UP! 
All the brains part (configuring the test setup and validation parameters) is configured only 
once for each VP and is recoverable for on-coming tests. After that, everything else is almost 
autonomous: setup is loaded in one click, test performance is straight-forward and the 
validation report is automatically generated. Consequently, test time and more importantly 
labour time is considerably reduced.  
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ALL-IN-ONE TOOL 
One tool controls all the test steps and stores all the data, which is very convenient.  
Furthermore, all the different instruments are controlled and monitored by the application 
itself, making it very handy for the user to perform all the tasks. 
HIGH VERSATILITY 
Possibility of controlling and monitoring a network analyzer, a power supply and 2 different 
brands of climatic chambers remotely and from the same application. 
MAINTENANCE AND SCALABILITY 
All the equipment is owned by the laboratory and the software is produced by the laboratory 
also, being properly documented and explained. This makes maintenance very accessible. 
And what is more, as the software is designed with scalability in mind, adding new features 
is an easy task. All of that makes this environment flexible and durable.  
6.3. OUTLOOK 
Although the current environment provides all the necessary tools for a fast and efficient test 
and validation of the antennas, there is always room for improvement. Suggestions of 
potential areas of improvement for future enhancements are listed below: 
 Create a more solid traceability system so the concerned parties can see the detailed 
status of a sample, including:   
o Where in the test cycle is a sample. 
o When a sample is validated, validation status - admissible or defective. 
 Ability to control more instruments, especially CC and PS of different brands. 
Frequently, availability or accessibility of the instruments is a major problem that 
delays or blocks the validation plan process.   
 Capability to characterize multiple antennas with one VNA, using multiplexing 
technologies. With the current architecture only one antenna can be characterized, as 
the VNA’s ports are directly connected to it. Currently the most time consuming part 
of the whole process is replacing the antenna under test.  
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GLOSSARY 
AUT: Antenna Under Test 
CC: Climatic Chamber 
DB: Database 
dB: Decibels 
DUT: Device Under Test 
ECF: Error correction factors (calibration) 
HW: Hardware 
NVH: Noise, Vibration and Harshness 
PS: Power Supply 
RH: Relative Humidity 
SW: Software 
SWR: Standing Wave Ratio 
VNA: Vector Network Analyzer 
VP: Validation Plan 
VSWR: Voltage Standing Wave Ratio 
 
